Abstract. B[e] supergiants are known to possess circumstellar disks in which molecules and dust can form. The formation mechanism and the resulting structure of these disks is, however, still controversial. Nevertheless, to protect the disk material from the dissociating stellar radiation and to allow for dust formation in the vicinity of a luminous supergiant star, the amount of mass comprised within these disks must be huge. We study the amount of hydrogen neutral material by means of an analysis of the strong [O i] emission lines in our optical high-resolution FEROS spectra of two B[e] supergiants, the edge-on system S 65 in the SMC, and the pole-on system R 126 in the LMC. In addition, we study the possible disk dynamics of S 65, based on a simultaneous line-profile modeling. We find that the [O i] emission lines in S 65 must originate either from an outflowing disk, in which the outflow velocity is slowly decreasing outwards, or from a Keplerian rotating ring, resulting from an ejection event.
Introduction
supergiants in the Magellanic Clouds, even though studied in great detail, are still far from being understood. Their non-spherically symmetric wind is proven by, e.g., polarimetric observations (Magalhães 1992; Magalhães et al. 2006; Melgarejo et al. 2001) , and the presence of a dusty circumstellar disk is confirmed by their strong infrared excess emission (e.g., Zickgraf et al. 1986 ) and the strong CO band emission (McGregor et al. 1988a (McGregor et al. ,b, 1989 Morris et al. 1996) . Based on the analysis of the [O i] lines, it has recently even been suggested that the disks around B[e] supergiants are neutral in hydrogen right from the stellar surface, and that molecules and dust are forming (and can exist) already close to the stellar surface (Kraus et al. 2007) . In fact, for the LMC B[e] supergiant R 126, Kastner et al. (2006) found that the inner edge of the dusty disk is located at about 360 R * , which is 3 times closer to the star than the value of ∼ 1000 R * suggested by Zickgraf et al. (1985) .
To guarantee that the disk material is neutral so that molecules and dust can exist, a huge disk mass must be postulated. Since the disks around supergiants cannot be pre-main sequence in origin, the disk formation must be linked to non-spherical, i.e., predominantly equatorial, high mass loss of the central star, either by continuous steady 432 M. Kraus et al. 
Modeling of the [O i] lines
Oxygen has about the same ionization potential as hydrogen. The detection of emission lines from O i thus means, that these lines must be generated within a region, in which hydrogen is predominantly neutral as well. Since free electrons are (besides the less efficient, but nevertheless important, neutral hydrogen atoms) the main collision partners to excite the lowest energy levels in O i, from which the forbidden emission lines arise, we introduce the parameter q e as the ionization fraction, defined by n e = q e n H , with q e = q metals + q H + . Assuming that all elements with ionization potential lower than that of hydrogen and oxygen are fully ionized, delivers an upper limit of q metals < 5 × 10 −5 for SMC metallicity, and q metals < 1.6 × 10 −4 for LMC metallicity. This means, that if hydrogen is ionized by only 1%, it will still deliver the dominant amount of free electrons. Since we do not know the amounts of ionized hydrogen and ionized metals within the disk, q e is a free parameter at first. The hydrogen density distribution in the disk, n H (r), follows from the equation of mass continuity, i.e. n H (r) ∼ F m ,Disk /(r 2 v out ), where the parameters F m ,Disk and v out represent the disk mass flux and outflow velocity, respectively.
The SMC B[e] supergiant S 65.
We start our investigation with the star S 65, which is assumed to be oriented more or less edge-on (see Table 1 ). The disk opening angle is set to ∼ 20
• , and we first adopt the outflowing disk scenario. Our optical spectra display 3 [O i] lines, of which two originate from the same upper level (see left panel of Fig. 1 ). This means that their line ratio is determined by pure quantum mechanics. Only line ratios with the λ 5577Å line are thus sensitive to temperature and density. To constrain these two parameters, we use in the following the λ 6300/λ 5577 line ratio. The observed value of this ratio is plotted as the dotted line in the top right panel of Fig. 1 . For the computation of the line ratios, we use different (but constant) electron temperatures and calculate for each input value of q e the [O i] line luminosities. For this, the density parameter, F m ,Disk /v out is varied until the λ 6300 line luminosity can be fitted, delivering a certain value for the line ratio with the λ 5577 line. Comparison with the observed value shows, that the ranges within the possible parameter space are quite narrow, restricting the temperature to T e 6000-6500 K, and the ionization fraction to q e 9×10 −6 −2.5×10 −5 . This low value of q e confirms indeed that the disk must be predominantly neutral (q H + < 2 × 10 −5 ). In addition, the small ranges in q e and T e confine the density parameter, Inspection of the observed [O i] line profiles (lower panels of Fig. 2) shows that the lines are double-peaked, with the λ 5577 line showing the widest peak separation. With the knowledge that S 65 is seen edge-on, a double-peak structure alone does not give any hint on the underlying kinematics, because both, an outflowing disk with constant outflow velocity, as well as a narrow Keplerian rotating ring, result in the identical, double-peaked line profile (left panel of Fig. 3) . To test the outflowing disk scenario, we calculate the line profiles for a constant outflow velocity of v out 22 km s −1 as can be derived from the peak separation of the λ 5577 line. In addition, to account for the broader wings of the line, some Gaussian shaped turbulent velocity of v turb 8 km s −1 needs to be included. The resulting fit to the λ 5577 line is shown by the dashed line in the bottom left panel of Fig. 2 . Using the same model parameters, delivers identical line profiles for the other two [O i] lines (dotted lines), which do, however, not agree with the observed ones. Instead, to fit these two lines, which are formed further away from the star, we need to assume that the outflow velocity has slowed down to v out 16 km s slightly increased to v turb 11 km s −1 (dashed lines). Such a scenario is, however, quite reasonable and does not contradict or discard the outflowing disk scenario.
Nevertheless, the λ 6300 and λ 6364 lines, which are produced at larger distances from the star, show a much narrower peak-separation than the λ 5577 line, which is produced much closer to the star. This might be a clear indication for Keplerian rotation. In a second attempt we, therefore, calculate the [O i] line luminosities and the profiles with a Keplerian rotating disk model. The peak separation of the λ 6300 and λ 6364 lines delivers a minimum rotation velocity of about 5 km s −1 , which sets the outer edge of the [O i] line emission region to about 3000 R * . The width of the λ 5577 line defines a maximum rotation velocity of about 30 km s −1 , placing the inner edge of the disk to about 90 R * .
The line luminosity calculations (top right panel of Fig. 2) indicate that in this case, the disk ionization fraction, q e , must be higher by about a factor of 100. This trend is clear, since the line formation is now forced to happen at much larger distances from the star, where the O i density is generally much lower. Therefore, a higher number of collision partners (i.e., free electrons) is necessary to produce the same luminosity. Nevertheless, even with this much higher ionization fraction, the disk can still be considered as neutral in hydrogen (q H + < 1.3 × 10 −3 ). Calculating the shapes of the line profiles, it turns out that the λ 6300 and λ 6364 lines can be excellently fitted (dashed lines in the bottom right panel of Fig. 2) , while the same model fails to reproduce the λ 5577 line profile (dotted line). Instead, to fit the λ 5577 line profile we need to request that at the inner edge of the Keplerian rotating disk the material is still slowly expanding, with v out 9 km s −1 . Also this scenario seems to be reasonable, since the disk material originates from some mass loss or material ejection.
If the [O i] lines result from a Keplerian rotating disk, the question arises whether this disk extends down to the stellar surface, or whether the material is detached from the stellar surface. In the case that the disk extends down to (or close to) the stellar surface, the disk parts within 90 R * , which do not contribute to the [O i] emission, must consequently be ionized. Since O ii is also known to have forbidden emission lines in the optical spectral range, we calculate the line luminosity and profile of the [O ii] λ 7319 line from the inner disk parts, extending from the stellar surface to 90 R * . The line profile and intensity is then compared to the weakest of our [O i] lines, i.e., the λ 5577 line (right panel of Fig. 3 ). The [O ii] line turns out to be much broader (due to the higher rotation velocities closer to the star) and about 5 times more intense than the λ 5577 line. It should, therefore, be clearly detectable. However, our spectra do not show indications for any [O ii] line. This might indeed indicate that, if the Keplerian rotating disk scenario is the correct one, the material must be detached from the star, speaking in favour of a (single or multiple) mass ejection event rather than a steady outflow. The best-fit parameters of both scenarios for S 65 are summarised in Table 2 . Also included are the resulting amounts of gas mass enclosed within the [O i] line forming regions. Kraus et al. (2007) . Therefore, we give here only a short summary of the main results and conclusions.
The pole-on orientation of R 126 (see Table 1 ) does not allow for a detailed line profile calculation as in the case of S 65. For the line-luminosity calculations, we followed the same procedure as described above, assuming an outflowing disk scenario that is predominantly neutral in hydrogen right from the stellar surface. With this model, we derive a disk electron temperature of T e 8000 K, an ionization fraction of q e 4 × 10 −4 , and a Kastner et al. (2006) revealed that the inner edge of the dusty disk must be located at about 360 R * , which is even closer to the stellar surface than the [O i] saturation region found from our analysis. In addition, for dust to exist, the disk temperatures must have dropped below the dust sublimation temperature of about 1500 K. This means that our model assumptions were even too conservative, and that the disk mass loss rate must be even (much) higher than our assumed value, confirming the high-mass character of the B[e] supergiant stars' disks.
Conclusions
Based on the modeling of both, the observed line luminosities of the [O i] lines and their line profiles, we found that the two B[e] supergiants studied must have high-density disks, which are predominantly neutral in hydrogen. The total amount of ionized hydrogen is found to be less than ∼ 0.1%. While for the LMC star R 126 an outflowing disk scenario seems to be the most plausible one, our analysis of the SMC star S 65 showed that for this star both models, i.e., either an outflowing disk, or a detached Keplerian rotating ring, delivered reasonably good fits to the line profiles. For this star, further investigations, which help to distinguish between the two scenarios, are thus necessary.
